A randomized, double-blind, double-dummy trial was performed comparing 200 mg of cefditoren-pivoxil twice daily for 5 days versus standard cefuroxime-axetil treatment (250 mg twice daily for 10 days) of Anthonisen type I or II acute exacerbations of chronic bronchitis. The modified intention-to-treat population included 541 patients. Patients were assessed during therapy, at the end of therapy (visit 3; primary evaluation time point), and at follow-up. Clinical success was obtained in 79.9% of the 264 patients included in the cefditoren-pivoxil group and in 82.7% of the 277 patients in the cefuroxime-axetil group (treatment difference, 95% confidence interval [CI]: ؊2.8, ؊9.7 to 3.6%). Treatment clinical effects were more clearly seen in sputum signs (decreasing volume and purulence from approximately 80% to approximately 10% of the patients). At the end of treatment, exploratory analysis of the per-pathogen bacteriological response showed 72.8% (of 103 isolates) in the cefditoren-pivoxil arm versus 67.0% (of 94 isolates) in the cefuroxime-axetil group (treatment difference; 95% CI: 5.8, ؊7.0 to 18.6%). Globally, the per-pathogen bacteriological response correlated well with clinical success: 83.5% of 164 baseline isolates from patients with a clinical success were eradicated or presumably eradicated, in contrast to only 3% of 33 isolates from patients with a clinical failure. Clinical success in patients infected with Haemophilus influenzae, the most frequent isolate, was 84% (of 50) and 82.5% (of 40) (treatment difference; 95% CI: 1.5, ؊14 to 17%) in the cefditoren-pivoxil versus the cefuroxime-axetil group. Although this study does not prove that either drug is better than a placebo, cefditoren-pivoxil and the standard 10-day cefuroxime-axetil course had similar point estimates of success in acute exacerbations of chronic bronchitis.
Feelings related to acute exacerbations of chronic bronchitis (AECB), such as embarrassment about symptoms, are identified factors reducing patients' perceived quality of life (17) . Although there is not a uniform definition of AECB episodes (15) , they are characterized by the following main symptoms: increase in baseline dyspnea, increase in sputum volume, and/or appearance of purulent expectoration (28) . According to the presence of these symptoms, exacerbations are classified by Anthonisen as types I (three symptoms), II (two symptoms), and III (one symptom) (1) . At least half of AECB cases are presumably caused by bacterial infection (4, 13) , which may respond primarily to antibiotics. Despite the fact that many of these patients are treated with antibiotics, the efficacy of this approach has been questioned (11) because previous trials have not shown a benefit over placebo administration (14) . Nevertheless, other studies (1, 22) have described small but statistically significant improvements of clinical outcomes in ambulatory patients with type I and type II exacerbations treated with broad-spectrum antibiotics.
Sputum purulence is strongly associated with the presence of bacterial isolates in sputum culture (28) . Haemophilus influenzae is the most common isolate in patients with AECB, followed by Streptococcus pneumoniae and Moraxella catarrhalis. Geographical spread of resistance among the three main bacterial isolates in AECB makes the choice of an adequate antibiotic, if needed, difficult. For example, erythromycin resistance of S. pneumoniae is geographically associated with penicillin resistance (coresistance) and with ampicillin resistance of H. influenzae (coupled resistance) in Spain (20) . This is probably due to different antibiotic pressure in each geographical region (8, 20) over time (10) , since antibiotic consumption in the community is the main factor that has been clearly related to resistance (9) . These facts, together with the current nonsusceptibility prevalence (around 25% for amoxicillin and clarithromycin in H. influenzae and 44% and 35% for penicillin and macrolides in S. pneumoniae, respectively) in some areas, such as Spain (20) , may influence the empirical antibiotic treatment, when used, of AECB episodes.
Cefditoren-pivoxil (CDN) is an oral, ␤-lactamase-stable, expanded-spectrum cephalosporin with MICs for 90% of AECB isolates (MIC 90 s) that are lower than those of other oral cephalosporins. For ␤-lactam antibiotics, the time that drug con-centrations in serum exceed the MIC for the pathogen is the key indicator of bacteriological efficacy, 35 to 40% of the time between two doses being the predictive value for maximal bacteriological efficacy (6, 25) . When plotting mean concentrations of CDN in serum (29) against the MICs for the main AECB isolates, CDN covers all H. influenzae Spanish isolates (MIC range, Յ0.03 to 0.12 g/ml; MIC 90 , Ͻ0.03 g/ml) (26) for Ն63% of the dosing interval and 94.1% of the S. pneumoniae isolates in Spain (MIC range, Ͻ0.03 to 4 g/ml; MIC 90 , 0.5 g/ml) (27) for at least Х40% of the dosing interval.
In patients with several exacerbations per year with moderate impairment of lung function and comorbidity, a broad-or expanded-spectrum cephalosporin has been recommended (11), such as cefuroxime-axetil (CXM) with 100% of H. influenzae isolates, the main isolate in AECB (5), showing susceptibility (20) . The pharmacodynamic coverage (pharmacodynamic breakpoints based on the time that drug concentrations in serum exceed the MIC) of H. influenzae by CXM ranges from 73 to 83% (20, 25) . The present study was carried out to determine whether the clinical efficacy of CDN for 5 days was noninferior to that of the standard CXM treatment for 10 days of AECB in adults by an arbitrarily chosen margin of 10%.
MATERIALS AND METHODS
Study design. This randomized, double-blind, double-dummy, parallel multicenter phase III study consisting of a double-blind treatment period of 10 days, followed by a 20-day follow-up period without treatment, was carried out at a total of 64 centers in Germany, Spain, Austria, Switzerland, and Italy (36, 22, 2, 2, and 2 centers, respectively). The protocol was approved by the ethics committees of the 64 participating centers. All patients gave written informed consent prior to study entry.
Patient selection. Adult patients aged at least 18 years with a diagnosis (based on anamnesis and previous clinical history) of chronic bronchitis (defined as coughing and production of sputum on most days for at least 3 months per year for 2 consecutive years) and with a clinical diagnosis of type I or II AECB, as defined by Anthonisen (1), characterized by intensification of preexisting dyspnea, an increase in sputum volume, and sputum purulence (type I), or the presence of two out of these three symptoms (type II) were eligible for the study. Patients with known hypersensitivity to beta-lactam compounds; female patients who were pregnant, lactating, or using inadequate contraception; and patients with known significant liver impairment or renal insufficiency were excluded. Other exclusion criteria were evidence of congestive heart failure, cystic fibrosis, pneumonia, active tuberculosis, human immunodeficiency virus infection, cancer, antimicrobial therapy in the previous 2 days, concomitant infection requiring antibiotic therapy, and a leukocyte count of less than 4,000/mm 3 . Previous inclusion in the present study was also an exclusion criterion.
Treatment. Patients who fulfilled the inclusion and exclusion criteria were randomized (1:1) to receive 200 mg of CDN twice a day for 5 days or 250 mg of CXM twice a day for 10 days. Concomitant medication was prescribed at investigator discretion.
Clinical assessment. Patients were examined at the time of entry into the study (baseline, visit 1), and evaluations were performed during treatment (visit 2; day 3 Ϯ 1), at the end of treatment (visit 3; day 11 Ϯ 1), and at the end of the study (visit 4; day 30 Ϯ 5). At all visits, the following variables were assessed by the investigator on the scales indicated: cough (0 ϭ none, 1 ϭ night or morning only, 2 ϭ episodes during the day, and 3 ϭ nearly continuous [day and night]), dyspnea (0 ϭ none, 1 ϭ only on unusual exertion, 2 ϭ present during normal activity, and 3 ϭ present at rest), wheezing and sputum quantity (0 ϭ none, 1 ϭ Յ30 ml, and 2 ϭ Ͼ30 ml), sputum quality (0 ϭ none, 1 ϭ mucoid, 2 ϭ mucopurulent up to 50% pus, and 3 ϭ purulent), rales and rhonchi at auscultation, and forced expiry volume over 1 s (FEV 1 )/forced vital capacity (FVC). These data were compared at visits 2, 3, and 4 with those present at baseline to evaluate clinical responses. Resolution was considered complete when all acute clinical signs and symptoms of AECB returned to the baseline level (the patient's normal, nonexacerbated state). Improvement was considered to have occurred when at least 50% of all signs and symptoms of AECB returned to the baseline level (the patient's normal, nonexacerbated state). At visit 3, the clinical response was defined as success (resolution or improvement [resolution of at least 50% of symptoms]) or failure (persistence or progression of symptoms or indeterminate). At visit 4, the clinical response was also defined as success (continued resolution or improvement) or failure (nonresponse or reappearance of signs and symptoms and need for antibacterial therapy).
Per-pathogen bacteriological assessment. All sputum samples were sent to the central microbiology laboratory (Microbiology Department, Hospital Ramón y Cajal, Madrid, Spain) for identification of respiratory isolates. Samples were considered suitable for culture only if the number of polymorphonuclear leukocytes was more than 25 per low-magnification field (ϫ100) and if the number of squamous epithelial cells was less than 10 per low-magnification field (ϫ100). The per-pathogen bacteriological response was rated as responder (eradication [number of organisms below the level of detection], presumed eradication [absence of sputum for culture in a patient with clinical improvement]) or nonresponder (persistence, presumed persistence [absence of sputum in a patient with clinical failure], relapse, and reinfection).
Determination of efficacy. The primary efficacy parameter was the clinical response at visit 3. Clinical response at visit 4 and bacteriological response at visit 3 and visit 4 were considered secondary efficacy parameters.
The overall clinical response was evaluated as success if the patient was a responder at both visit 3 and visit 4. If the clinical efficacy evaluation was not possible at visit 4, the overall clinical response was equal to the clinical response at visit 3.
Safety parameters. Laboratory tests were performed at visits 1, 2, and 3. In the case of abnormal values at visit 3, laboratory tests were repeated at visit 4. All adverse events, including abnormalities in laboratory values, were recorded, and severity (mild, moderate, severe) and relationship to the study drug (definitive, probable, possible, improbable) were assessed during the active treatment period and during the follow-up study phase.
Statistical analysis. A total of four patient groups were identified for efficacy analysis. The modified intention-to-treat (ITT) population comprised all randomized patients that met the criteria of AECB and took at least one dose of the study medication. The clinical per-protocol (PP) population was a subset of the ITT population and excluded patients with major protocol violations. The bacteriological ITT population included all patients in the ITT population who had at least one isolate identified at visit 1. The bacteriological PP population in-FIG. 1. Disposition of the patients included in this study.
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The study was powered as a noninferiority study, and the sample size was calculated in order to demonstrate that CDN was not Ͼ10% less effective than the comparator regimen. Sample size was based on a predicted failure rate of 20% in the comparator arm with an arbitrarily chosen 10% equivalence (delta value) between study arms. Thus, with an error probability of 0.025 (alpha error) and of 0.2 for beta, the method of Farrington (7) yielded a sample size of 255 patients per treatment arm. A dropout rate of 10% was assumed, so it was planned to include 284 patients per treatment arm.
The analysis of the primary efficacy criterion (clinical response at visit 3) was performed for the clinical ITT and for the PP population. A two-sided 95% confidence interval (CI) was used to estimate the difference in the proportion of success between the two groups. A conclusion of noninferiority was reached if the lower limit of the CI was not less than Ϫ10%.
RESULTS
Disposition of patients, demographics, and concomitant medications. Figure 1 shows the disposition of the patients included in this study. A total of 576 patients (278 in Germany, 257 in Spain, and 41 in the remaining countries) signed the informed consent form for participation in this study. Two hundred eighty-five patients were assigned to the CDN arm, and 291 patients were assigned to the CXM arm. Demographic characteristics, concomitant diseases, and the most frequent concomitant medications (sympathomimetics, corticosteroids, and antimuscarinic agents) are shown in Table 1 . No differences were found between the two treatment populations. Thirty-five patients (21 patients in the CDN arm and 14 patients in the CXM arm) were excluded from any efficacy analysis for the following reasons: failure to meet the criteria of type I or II AECB (25 patients), previous participation in this study (6 patients) , no intake of study medication (2 patients), X-ray diagnosis of pneumonia (1 patient), and tuberculosis diagnosis (1 patient). For efficacy analysis, the ITT population comprised 541 patients, 264 patients in the CDN arm and 277 patients in the CXM arm. Major protocol violations (compliance of Ͻ80%, lack of compliance with visit 3 as scheduled, and intake of nonpermitted medications) affected 23 patients in the CDN arm and 33 patients in the CXM arm. Therefore, the PP population consisted of 485 patients, 241 patients in the CDN arm and 244 patients in the CXM arm. Since two patients (both in the CXM arm) out of the 576 randomized patients did not take any dose of the study medication, the safety population comprised 574 patients, 285 patients in the CDN arm and 289 patients in the CXM arm.
Clinical characteristics at baseline and their evolution during the treatment and posttreatment periods. Baseline clinical characteristics and their evolution during the treatment and posttreatment periods are shown in Table 2 for the ITT population and in Table 3 for the PP population. There were no differences in baseline characteristics between the two treatment groups. The effect of both antibiotics is more clearly seen in the characteristics of the sputum; the percentage of patients with Ͼ30 ml of sputum decreased from around 75% (visit 1) to 5% (visit 4) for the two populations analyzed (ITT and PP) with both compounds. The same occurred with sputum purulence: an approximately 87% rate of purulent or mucopurulent sputum at baseline and approximately 5% at visit 4. Rales and rhonchi decreased from 77% to approximately 24%, and wheezing decreased from 60% to 15%, with no differences between treatment groups. Much more modest was the effect of both treatments on cough and dyspnea, which decreased from baseline to visit 4 from around 100% to 75 to 80%.
Clinical response. Table 4 shows clinical responses as evaluated at visits 3 and 4, as well as the overall clinical evaluation of both the ITT and PP populations. In the ITT population, at the end of treatment (day 11), the clinical success rate was 79.9% versus 82.7% (treatment difference, Ϫ2.8; 95% CI, Ϫ9.7 to 3.6%), and at posttreatment (day 30) it was 81.0% versus 85.5% (treatment difference, Ϫ4.5; 95% CI, Ϫ11.1 to 2.1%) for CDN versus CXM. In the PP population, at the end of treatment (day 11), the clinical success rate was 82.2% versus 83.2% (treatment difference, Ϫ1.0; 95% CI, Ϫ7.9 to 5.8%), and at posttreatment (day 30) it was 83.0% versus 85.7% (treatment difference, Ϫ2.7; 95% CI, Ϫ9.4 to 4.1%) for CDN versus CXM. The results fail to exclude the noninferiority margin of Ϫ10% in the ITT population at visit 4 and overall and in the PP population in the overall analysis (Table 4) . Per-pathogen bacteriological response. At baseline (visit 1) in the ITT population, 103 isolates were found in 85 patients in the CDN group and 94 isolates were found in 84 patients in the CXM group; in the PP population, 97 isolates were found in 80 patients in the CDN group and 90 isolates were found in 80 patients in the CXM group, which were the basis for the exploratory bacteriological evaluation (Table 5) . No differences in the per-pathogen bacteriological response were found between treatment arms at visit 3 or visit 4 in both the ITT and PP population exploratory analyses.
Of the 103 isolates found at baseline in 85 CDN-treated patients, 85 isolates were from patients who afterwards showed clinical success at visit 3 (all but 11 were eradicated or presumably eradicated) and 18 isolates were from patients who afterwards showed clinical failure at visit 3 (of these, only 1 isolate was eradicated or presumably eradicated). Of the 94 isolates found at baseline in 84 CXM-treated patients, 79 isolates were from patients who afterwards showed clinical success at visit 3 (all but 16 were eradicated or presumably eradicated) and 15 isolates were from patients who afterwards showed clinical failure at visit 3 (of these, none was eradicated or presumably eradicated; all 15 were nonresponders in the per-pathogen bacteriological exploratory evaluation).
Clinical versus bacteriological response. Of the 197 isolates found at baseline (ITT population, 169 patients evaluable for bacteriological efficacy), 90 (45.7%) were H. influenzae, 29 (14.7%) were S. pneumoniae, 16 (8.1%) corresponded to M. catarrhalis, and 10 (5.1%) were H. parainfluenzae. The remaining 26.4% of the isolates were members of the family Enterobacteriaceae, nonfermentative gram-negative bacilli, and Staphylococcus aureus.
No differences were found in the exploratory per-patient analysis of clinical responses of patients infected by key pathogens (Table 6 ).
Safety evaluation.
All patients who received at least one dose of the study drug (574 patients) were included in the safety analysis. During the entire study, including the follow-up period, adverse events were reported for a total of 127 patients (22.1%), 66 patients (23.2%) in the CDN arm and 61 patients (21.1%) in the CXM arm. During the active treatment period, 25 (8.8%) and 38 (13.1%) patients treated with CDN and CXM, respectively, experienced adverse events. The overall incidences of adverse events that were considered related to the study medication were 7.7% and 11.4% in the CDN and CXM groups, respectively. The most common adverse events are shown in Table 7 . A total of 43 patients experienced serious adverse events during the entire study period, 24 patients (8.4%) in the CDN arm and 19 patients (6.6%) in the CXM group. Four patients in each treatment group experienced the following serious adverse events within the active treatment period: acidosis, depression, bronchospasm, and respiratory failure in the CDN group and dyspnea, ileus, respiratory failure, and persistent fever in the CXM group.
Nine deaths occurred during the study, six patients in the CDN group and three patients in the CXM group. In the CDN group, one hospitalized patient (72 years old) with cor pulmonale died during the active treatment period due to cardiac failure. The remaining five patients (Ն70 years old) died during the follow-up study period due to pneumonia (two cases), respiratory failure (two cases), or cardiac failure (one case). All deaths occurring in this group were evaluated as clinical failures. The three deaths in the CXM group occurred in the follow-up study period in patients aged Ͼ69 years because of cardiac failure associated with pulmonary damage and chronic cor pulmonale (evaluated as clinical failure), cardiorespiratory insufficiency post total gastrectomy due to gastric adenocarcinoma diagnosed at day 25 of the follow-up (evaluated as clinical success), and a traffic accident on day 15 of the follow-up (evaluated as clinical success). In both groups, all deaths occurred in patients with severe comorbidity, and a relationship with the study drugs was assessed as improbable. 
DISCUSSION
Although a number of AECB episodes are self-limiting (24), it has been suggested that antibiotic treatment resulted in fewer failures with deterioration versus placebo (1), but other authors question the antimicrobial treatment approach to this disease (11) . If a decision to prescribe antibiotics is made, the choice of the antimicrobial to be used is important (2) because of different susceptibility and resistance patterns of target bacteria in different areas. Furthermore, an important area of uncertainty is the optimal length of antibiotic therapy, ranging from 5 to 14 days, 7 to 10 days being the most frequently prescribed course of therapy (12) . The adequacy of antibiotic treatment (adequate antibiotic dosage and adequate length of treatment) is important on the basis of the compelling evidence that the most costly aspect of AECB is treatment failure (16) . Recent guidelines recommended adequate antimicrobial therapy for patients showing signs and symptoms of bacterial infection, acknowledging the uncertainty in the data on the use of antibiotics against this disease (18) .
In this study, the baseline characteristics of the patients (age, 61.5 Ϯ 14.5 years; prestudy smoking history) and the required symptoms of exacerbation (Anthonisen types I and II) ensured the inclusion of patients with underlying chronic bronchitis and may have increased the chance of infection of bacterial origin. Approximately 31% (169 out of 541) of the patients had one or more isolates isolated at visit 1, a result similar to those of other studies (21, 23) . H. influenzae, S. pneumoniae, and M. catarrhalis are isolated in 70% of infectious AECB cases (4). In our study, 45.7% (90 out of 197) of the isolates were H. influenzae, 14.7% were S. pneumoniae, and 7.1% were M. catarrhalis. Despite the fact that antibiotic treatment, if prescribed, should be directed at all of these pathogens (19) , H. influenzae remains the main target of antibiotic treatment.
Although increases in the antimicrobial resistance of prevalent isolates of community-acquired respiratory tract infections are of global concern (20), this may not be reflected in clinical trial populations. Moreover, previous reports have shown that patients with resistant pathogens may have success rates similar to those of patients with susceptible pathogens (30) . In these situation, physicians should consider, in addition to the patient's condition, local epidemiology of AECB-related pathogens and their in vitro susceptibility to interpret the results of a study (30) . Both of the oral cephalosporins used in this study exhibited very good activity against H. influenzae (20, 26) , the main AECB isolate, against which a clinical response (84% versus 82.5% for CDN versus CXM, respectively) was obtained as shown in Table 6 . The lower rate of S. pneumoniae susceptibility to CXM (20) than to CDN (27) is not reflected in this clinical trial since only 5.4% (29 out of 541) of the patients presented an S. pneumoniae isolate. In any case, and as specified in Results, the exploratory analysis of per-pathogen bacteriological responses correlated well in this study with clinical responses; of the 164 isolates obtained at baseline from patients with clinical success, 137 (83.5%) were eradicated or presumably eradicated, while of the 33 isolates obtained at baseline from patients with clinical failure, this bacteriological outcome only occurred in one case (3%).
Antimicrobial prescribing should aim to eradicate or maximally reduce the pathogen bacterial load (3) . The exploratory analysis of the relationship of the bacteriological response and the clinical response suggests that the response may be more rapidly seen in signs that depend on bacterial location (a more rapid and greater decrease over time in sputum volume and purulence and rales and rhonchi) than in those depending in part on previous structural damage (dyspnea).
Both compounds also exhibited a profile of adverse events compatible with that of cephalosporins (gastrointestinal system disorders being the most frequently reported adverse events) and with that expected in patients with AECB. Although a delta value of 10% is larger than the margin of benefit of the control over a placebo (based on a previous study showing that the control drug is only 3% better than a placebo (1), a 5-day course of CDN and the standard 10-day CXM course had similar point estimates of success in the treatment of AECB.
